20 



25 



--00 .pp,^,,3 ^^^^^^^^^^ ^^^^^^^ ^^^^^ 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
5 The present invention relates tr. . 

field during continuous casting of ste.l 
2- Description of Related Art 

In continuous ca«!-Hr,^ 

us casting, an inunersion nozzle is of^^ 
0 Dour ^ often used to 

pour a molten netal into a casting „old. If the tl 

^"^ flow speed n-F -t-v,^ 

J-.ol.en„etalistoo.ig.att.atti...ldflu.onLsul 
""^^ ^= - -vol..., , J 

::r - - - - ^-a. ..en et ; 

nail, living rise to surface segregation, .or reducing sue. 
surface defects thov • 

. " " ^ °' appl,i„, , 

-gnetrc field and/or a .oving magnetic fiei, . 
field) to th. , - moving magnetic 

2 - „olten „etal in the „old for controlling the f lo„ speed 
Of the molten metal. 

However, the known method has problems as fol. 
static . follows. When a 

static magnetic field is applied ^ 

'f°r electromagnetic brakino, 

brakrng, . segregation tends to occur readilv 

::;::;r " ^ -^^^ — = . i 

2 ^agnetic field is applied to agitate the molten metal 

(tor electromagnetic 3m-i-=.-h^ 

■ ^«"--nt Of the mold flu. ,f lux 
entramment) tend<! i-r. iJ-J-ux 

to occur readily i„ a position .here the flo„ 
=Peed Of the molten metal is high. 

- cope „ith the above problems, several proposals have been " 
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-Panese „„e.a„ine. Patent *ppl..atio„ Publication »o. s-,a««' 

-sci„ae= a .at.oa pe.i..i.an, ....„in. t.e .i..etion . i„ .,i., 

a .oiten „etai i. a.itat.. a „ovin. „a.netic .i.i.. 

inclusions from diffusing downward fr-o„. 

g aownward from an agitation area 

Japanese Unexamined Patent Application Publication M « 

i^utjxication No. 8-187563 

-s=Io.e= a .et.o. p.eventin. a ..ea.o.t c.an.in, t.e .a.„it„ae 
- a M,.-,.e,uency eXect.o„a.„eti= ...ce aepen.in, on vi..atio„ 
Of a castin, „ol.. .apane^e Unexamined Patent Application 
Publication Ko. a-..n^. .iscio.e. a „et.o. o. p.e.entin, i„ci..ion 
.ejects p.ovi.in, a ..anient to a c.an.e .ate o. t.e „a^etio 
«ux .ensit, in t.e o.an.eove. p.ooes. o, an eieot.o.a,netic ..a.in, 
-rce .o as to .e.uoe c.an.es o. a „oiten .etai „o„. P..t.e™o.e 
Japanese Unexamined Patent Application Publication Ho. B-ISSSOS 
-=clo3es a .et.od o. appl,i„, . .o.i.ontall, _in. magnetic .ield 
at ..e,uenc. o. 10 - 1000 „. t..ou,. conductive la.e.s. eac. o. „.ic. 
-3 lo„ electrical conductivity and is .o..ed to extend ccntinuousl. 

t.e direction o. transverse width o. a castin, „old. and imposing 
a pincMn. .orce on a molten metal so t.at a contact pressure between 
the casting mold and the molten metal is reduced. 

However, none of these .nown methods has succeeded in 
satisfactorily preventing the occurrence of flux entrain^ent 
because a macro flow of the molten metal is caused due to the moving 

increased in a position where the static .agnatic field is small 
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SUMMARY OF THE INVENTION 
With the view Of breaking through the limits of the related 
art set forth above, it is an object of the present invention to 
provide a continuous casting method and apparatus for metals , which 
' can produce a cast slab much less susceptible to flu. entrapment, 
capture of bubbles and non-metal inclusions near the surface of a 
molten metal, and surface segregation. 

As a result of conducting intensive studies, the inventors have 
made the following findings. 

Maani=>l-ir- 7?^^]^ 

1) Molt.n-™etal flow control under application of a static 
magnetic field is very effective in preventing entrainment of mold 
flux 3 and occurence of inclusions. However, if the magnetic field 
is too strong , the flow speed of a molten metal is reduced and surface 
segregation 5 is caused due to semi-solidification at the surface 
of the molten metal. {See Fig. 1) 

2) Molten-metal flow control under application of a moving 
magnetic field is able to prevent the surface segregation 5 and 
capture of foreign matters (bubbles and non-metal inclusions 4) at 
the solidification interface. With a resulting increase of the flow 
speed Of the molten metal indicated by 2, however, the entrapment 
of the mold flux 3 is more likely to occur and an amount of the 

entrained mold flux 3 is apt to increase. (See Fig. i, 
3) A method of applying an electromagnetic force, which induces 

only Vibration without inducing a macro flow, so as to act upon the 
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molten metal is very effective -r « 

at th. . eventing the semi-solidification 

- =o........,,„„ ^^^^^^^ ^^^^ ^ 

' .iela „Mch 13 not „oved but onl, • 

* , "^""'"9 "-agnetic field)-. Thus 

^ t.™ .„o„_l„, ^^^^ ^^^^^^ ^ ■ 

. ...net. flu. .it^tlu. 1„ oppo.ite dl.otlo. . „.e.e. . „o„lu, 

j p..3e„t invention according to t.l3 aspect . .as been 

5 — based on the abo.e-„entloned .l„.i„,. , 
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"ore pa.tlcula.l„ aoco.dln, to t.ls aspect . o. tbe present 
nv=nt.on. P-i.ed a contlnuo^oa.,^^ 

. step o<5^,7:::::::-i55_ 3 j^; 

magnetic fi^in ^ . -^^ ^lorating 



....... . ...„. ^7,=^, - ™; , 

Vibration on the molten metal. / 
^ / The non-moving, vibrating magnetic fiel. i3 preferably 

/(Produced by arranging electromagnets each of h-k 
20,' ir.n "^"-"^^ comprises an 

20 iron core and a coil wound over the iron core in an 

;' V. . opposing relation 

/ ^'^^^^^^i^es Of the mold in the direction Of tran 

toll. . "^°"°^^^^"^verse width thereof 

^ s.de b. side In the direction o. longitudinal „ldt. o. the 

-Zd, and supplying a slngle-p.ase .c cu^ent to eac. coll 

^he l.on core ^ay comprise l„dl„l..al single l.on cotes 
^epatate ..o„ eac. otbet. ot a co^-snaped l.on cote bavlng a 
-^b-teeth portion over wblcb colls ate wound. 

4 



to 60 Hz. 



The single-phase AC current preferablv ^ 

prererably has frequency of 0.10 



Furthermore, a DC magnetic field «nH = 

ic field and an AC magnetic field for 
producing the non-moving vibratin.. 

^' "^^"^^"^ magnetic field may be applied 
superimposed fashion in the direction of 

rection of transverse width of the 

mold. 



rp 1) Molten-metal flow r^nnt-^^i 

M ""^^^ application of a static 

10 magnetic field is very effective -i „ 

effective m preventing entrapment of mold 

flux and intrusion Of inclusions. However if th« . 
^ If the magnetic field 

molten „etal , as shown on the left side of PI3. 6. 

15 2) With molten-mf^i-ai i^i^ 

xren metal flow control under application r.i^ 

ffij-carion of a movina 

™i. ^^^^^ ^^^^ ^^^^^^^^^ 

- -u. e„t„ln.e„t Is „o.e ll.el. to ooou.. .s shown on the .l,ht 
side of Fig. 6. 

l" - - a.ea appeals In „hlch the molten „etal 

^0 slows down its flow SDe^-H ^n^ ^ 

txuw speea and is semi-sol tHH -f;^! ^-^ 

solidified, segregation occurs 

that area and product defects are ultimately caused. Providing 
a .aero flow to the molten metal to avoid the occurrence of 

segregation, however, promotes the flux en^. • 

s rne flux entrainment and gives rise 

to new defects. 

-5 3) A method of applyina a <5i-^i-,-^ 

t^t^Ayj-iig a Static maanetif' • ^ 

cigneric field intermittentlv 

- ve.. effectl.e In ™tl„, the se.l-soll.lfi.atlon at the 
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3u..a=e o, .He ^^^^ e„t„.„„e„. 

A==o.cii„, to tMs aspect B-o. t.e p.e.ent invention, t.e.e is 
P.ovi.ea a continuous castin, „etno. .o. oastin, a ™etal ..i.e 
aPPlyin, a static „a.„etic .iei. in t.e .itection o. thickness o. 
a cast sia.. co.p.i3i„, the step o. inte.„ittentiy appi.in, the 
static „a.„etic fiei.. Herein, the ter™ -intermittent application- 
»eans a process o. aiternately repeating appiication ,on, o. the 
static magnetic .iei.an.no application ,o„, o. the static „a^etic 



field. 



Praferahiy. the static magnetic fiei. is intermittently ■ 

applied u„.er setting o. an on-time tl - O.IO to 30 seconds an. an 

o«-time to . O.XO to 30 seconds. .Iso. the static magnetic .iel. 

is pre.era.ly applied to a surface o. a molten metal, it is more 

preferable to employ setting of an on-time tl . 0 3 to ,n 

L.X U.J to 30 seconds 

and an off -time to . 0.3 to 30 seconds. 

according to another aspect of the present invention, when 
continuous casting is performed by applying . oc magnetic field and 
an AC magnetic field in superimposed fashion in the direction of 
transverse width of a casting mold at positions above and below an 
ejection port of an immersion no..le immersed in a molten metal in 
the moid, the .c magnetic field may be moved in a longitudinally 
sy^etrical relation from both ends to the center of the mold in 
the direction of longitudinal width thereof. 

The above method can be implemented by a continuous casting ■ 
apparatus for molten metals, the apparatus comprising a coil for 
producing an .c magnetic field moving in a longitudinally 
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the direction o. longi.u.in.l wi.th the.ec. an. a coi. .o. produ.in, 
a oc „a.netic .isl.. .o.h the coil. .ei„, „ou„. ove. each o. co»„o„ 
iron co.e.. ..e i.on co.e. .ei„, arrange, on ho.h sl.es the .ci. 
^ .n the .i.ection o. t.ans.e.^e wi.tn the.eo. such t.at a direction 
of the magnetic fields produce, by the coils is aliened with the" 
dlrection of transverse width of the nold. 

BRIEF DESCRIPTION OP THE DRAWINGS 

Fig. 1 is a schematic view for e.vr,i=^„- 

tor explaining mechanisms that 

generate flu. entrain.ent, surface segregation, and capture of 

foreign matters; 

^ig. 2 is a schematic view showing a first example of a manner 
of creating a non-moving, vibrating magnetic field; 

"g . 3 is a schematic vie. showing a second example of the manner 
Of creating the non-moving, vibrating magnetic field; 

^ig. 4 is a schematic view showing one example of a manner of 
creating a moving magnetic field; 

Fig . 5 is a schematic view showing one example of a comb-shaped 
iron core; 

Fig. 6 is a schematic view for explaining mechanisms that 
generate flux entrapment and surface segregation; 

Fig. 7 is a chart illustrating application ^-f = 

y ofpxication of a magnetic field 

according to the present invention; 

Fig. 8 is a schematic view showing process paramet. 
casting with application of a static magnetic field; 
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Figs. 9A and 9B show one examnl ^ r>-F 

example of an apparatus according to 

the present invention, wherein Fig 9a is a s.h 

g. aA IS a schematic sectional plan 

v-w and Fig. ^3 is a schematic sectional side view- 

10 is a waveform chart showing one example of a magnetic 

flux density produced under application of an AC ma • 

°^ an AC magnetic field 

alone; 

n i. a ==He..ti= Vie, e<,. e.p.ainin, ..eel ^lowa 

»=cu„.., ^^^^^^^^ ^^^^^ ^^^^^ 

Fig. 13 IS a schematic view for- «vr,T ■ • 

view for explaining molten steel flows 
occurring under application of AC and DC n,. . ■ 

AO and DC magnetic fields; 

Fig. 14 is a schematic sectinn;:,! , 

P^^^ ^^^^ «h°«ing interference 
.ween . „„„ e«ea-a..-._.e. 

.Io„ =.„.e. e.e«.„.a.„e.i. a.i....„„ . „,„,^^„^ ^^^^ 
surface of molten steel) ; 

steel produce, .aae. on an e.ecte. „olten .teel flo« .„.e. two- 
-p 3.perl„po.ea application of a ..an^.el.-a^etrlcal „o.l„, 
AC magnetic field and a DC magnetic field; 

^i.. X6 is a .c.e„atic side view showing a flew pattern of molten 
steel produced based on an ejected 

ejected molten ateel flow under two- 
step application of a DC magnetic field alone; 

-i.s. 1,. and 1,B a.o„ another example of an apparatus 
according to the present invention, wherein Pig i,;, , , , 

-^3- 'A is a schematic 

sectional plan view and Fig 17b ±<, « . ^ 

Fig. 17B IS a schematic sectional side view; 

8 



and 

Fig . 18 i. a schematic sectional plan vi.„ showing interference 
between a circulating flow anC an ejected-ana-re.er.e. surfacing 
flow caused by electromagnetic agitation in the meniscus area. 

in the figures, the following reference numerals 
3 designate the following components and features: 

J ^- Immersion nozzle 

2. Flow speed of the molten metal 

3. Mold flux 

10 4. Non-metal inclusions 

5. Surface segregation 

6 . Casting mold 

7 . Electromagnet 

8 . Iron core 
15 9. Coil 

10. Longitudinal width vibrating flow 

11. Transverse width vibrating flow 

12. Bulk current 

13 . Comb-shaped iron core 
20 14. Comb teeth portion 

15. Molten surface 

16. Electromagnetic coil 

17. Solidified shell 

18. DC supplied coils 
5 19. AC supplied coils 

20. Direction of the DC magnetic field 
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21. Direction of the AC magnetic field 

22. Magnetic poles 

23. Molten steel 

24. Electromagnetic force 
5 25. Molten steel flow 

3 N°"-directional molten steel flow 

J 27. Circulating flow 

28. Ejected-and-reversed surfacing flow 

29. Vortex 

10 30. Stagnation 

31. Moving AC magnetic field 

32. AC/DC electromagnet 

33. Immersion nozzle spout 

34. DC electromagnet 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



^^"^h the asDect a nf -i-u^ 

specr A of the present invention = „ 
on "venraon, a non -moving. 

"T'"' - — - ^ »e.I . ... J , 

et.I . Be=au.e appl,.„, . ^ ^^^^ ^ 

o. .ppi,.„, . ^^^^^^^^^ ^^^^ ^^^^^^^^ 
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the vicnuy o. the soU.i..catio„ i„.e...ce. ..e ,ene.«.. 
Minute vi..«.<,„ eo„t...ute. „o. e„l, p.ev.ntin, c.ptu.e o. 
foreign „«ter (bubWes and no„-.etai in=l„,i<,„3, by the 
solidification interface, but also holding do„n uneven 
^ solidification in the vicinity of a „e„i=cus atea ,the surface of 
the .olten steel, which is responsible for surface segregation 

The non-moving, vibrating .agnatic field can be created by 
way Of example . as shown in Pigs . 2 and 3 . . number of electromagnets 
7. each comprising an iron core 8 and a coil 9 wound around the iron 
core 8. are arranged on both sides of a casting mold e in an opposing 
-iation in the direction of transverse width of the mold to lie 
Side by Side in the direction of longitudinal width of the mold 
and a single-phase AC current is supplied to each coil s. „ote that 

numeral 20 in Fin^ o =r,^ o ^ 

in Fags. 2 and 3 denotes a magnetic force line. 

in a first example shown in Pig. ^, each pair of opposing coils \ 
^. S are wound in the same direction ,x. . or y, y, , p,,, ^ 

adjacent coils , . 9 on the same side of the mold are wound in opposite 

directions (x, y, . j single-phase AC current is then , , • 

uj-ienT: IS then supplied to 

each Of the coils 9 thus wound, xherefore. magnetic forces developed 
between every two electromagnets 7. , arranged adjacent to each other 

on the same side are reversed in direction repeatedly over time \ 
AS a result, only vibrating flows 10 in the direction of longitudinal ' 

Width Of the moid are induced in the molten metal and no bul. flows 

are produced. 

In a second example shown in Fig . 3 , each oair r.^ 

y ^, each pair of opposing coils 

9, 9 are wound in opposite directions (x v) ^r.A ■ 

IX, y) , and pair of adjacent 

11 
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-ils , on .a„e si.s are wound in the .a„e direction . 
°r y. y) . A 3in,ie-phase .c current i= then supplied to each o. 
tne coil. , thus wound, .here.ore. „a,netic .orce. developed 
between every two opposing electromagnets 7. 7 are reversed in 
= direction repeatedly over ti„e. .s a result, only vibrating .lows 
11 xn the direction of transverse width of the mold are induced in 
the molten metal and no bulk flows are produced. 

on the other hand, a moving magnetic field is created, by way 
Of example, as shown in .ig. 4. . number of electromagnets 7. each 
. comprising an iron core a and a coil s wound over the iron core a 
are arranged on both sides of a casting mold S in an opposing relation 
xn the direction of transverse width of the mold to lie side by side 

- the direction of longitudinal width of the mold, and a three-phase 

- current is supplied to each coil „ote that letters u. v and 
» denote different three phases of the three-phase .c current The 
left Si. coils and right si. coils are wound in opposite directions 
l-.y). ""'--''--vingmagneticfieldthuscreated.magneticforces 

are produced in a constant direction .i.e.. a direction from one 
end toward the other end of the mold along the longitudinal width 
thereof, . Accordingly, a bul. current 1. is produced in the molten 
-tal to horizontally circulate along inner walls of the mold s 
and it is difficult to hold down the occurrence of flu. entrainment ' 
While the iron cores of the electromagnets are constructed as 
individual Single iron cores separate from each other in .ig3 2 
and 3. this aspect of the present invention may also implemented 
by using a comb-shaped iron core 13 as shown in .ig. 5 having comb 
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te«h portion. 14 over which the coii. 9 fitted. This 

eonetruction i. edvant.geou. i„ that fabrication of the 
eiectto.a.net3 i. faciiitated because the elect.o.a.„eta can be 
fabricated by providing one co„*-.haped iron core 13 on each side 
Of the casting .old 6 in the direction of transverse width of the 
-1. and fitting the ceils . over the co^ teeth portions 14 in a 
one-to-one relation. 

*lso, in this aspect of the present invention, the single- 
Phase AC current supplied to the coils 3 preferably has freguency 
Of C. 10 - .0 HZ. setting the freguency to be not lower than 0 10 
H. -na.es it possible to increase the s.in effect, to concentrate 
the Vibration in the vicinity of the solidification interface, and 

to enhance the effe^n-t- r^-e r^-. 

effect of preventing the capture of foreign matter 

However . if the f reguency exceeds SO Hz , a vibration urging force 
-\ is reduced down to a level close to viscosity resistance .f themolten 
»etal. Whereby vibration of the molten metal is weakened and the 
effect Of preventing the capture of foreign matter is lessened 

according to this aspect of the present invention, as described 
above, casting of a high-guality metal slab can be achieved which 
- - free from surface segregation, contains less foreign matter 
(bubbles and non-metal inclusions, captured in the cast slab, and 
suffers from less flux entrainment. 

The electromagnets are preferably disposed in positions close 
to the surface cf the molten metal, but similar advantages can also 
» be Obtained even when the electromagnets are disposed in positions 
lower than the nozzle ejection hole. 
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EXAMPLE.; fTnMr- 1 1 D 

M>o« 300 ton. c„..„-3„.-A, «eel ,.avi„, 

a typical chemical composition li.t.. in TaMe X, .as s.elt.d usin, 
the conv«te. - .„ p_ess. an. a sia. ..in, ,soo - i,„o ^ 
an. 220 ^ thic. cast pou.in, ... .o.ten .iiie. .teei into 
g a castin, „oi. at a .ate o. 4 - 5 ton/„in an i^e.sion no„ie 

- »^th a continuous casting machine. Xn this sia. casting step 

I e^pe.iments were conducted arranging electromagnets in each of 

5 the layouts Shown in Pigs. 2 to , at a level corresponding to the 

position o. the molten steel surface, and supplying a three- or 
M .ingle-phase .c current o. various freguencies to a coil o. each 
- electromagnet, thereby applying a moving magnetic field or a 

3 non-moving. yi.,ating magnetic field with a magnetic flu. density 
of 0.1 T, or applying no magnetic field. 

in the experiments, three characteristics, i.e.. surface 
segregation, flu.-.ased surface defects, and a .u..le.-i„clusion 
amount, were measured for each condition of applying 
field in accordance with the following procedures . 
surface Segregation: After grinding the cast slab, the slab was 

20 subj ected to etching and the number of segregates per 1 m' 

a.ucycii_es per i m was counted 

by visual observation. 

Flux-based surface Oefects: Surface defects in a coil obtained 
after cold rolling of the cast slab were visually observed, and after 
Piling a defective sample, the number of defects caused by 
'■^ entrainment of mold flux was counted by analysing the defects 

Bubble/mclusion Amount: .on-metal inclusions were extracted by 
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the siime extracting process from a portion of th. 

ijorrion of the cast slab at a 

position co..e.po„.i„, to a i/4 t,i..„e3. thereof . „ei..t 
Of .he ..tracts, inclusions was ..asu.e. ,t.e „u^„ o. .u.Mes „as 

measured by slicing a surface layer of the cast slab and 

^ s-LaiD and counting 

' the number of bubbles observed with a -h. 

ervea with a transmitted X ray) 

-e experimental results are listed in .able 2 along „ith the 
conditions o. applying ^^^^ ^^^^ 

values o. the above three items are each represented in terms o. 
- inde, .numerical value obtained by multiplying a ratio o. the 

measured data to the wor^t- h=.i- = 

worst data among all the conditions by 10) . 

As seen from Table 2 in P-«.=m..i 

oie z, in Examples according to this aspect of 

the present invention in „hich the non-moving, vibrating magnetic 
-eld was applied, the surface segregation, the defects caused by 
the flux entrainment anr^ -j-k^ 

mant. and the amount of bubbles and non-metal 

^elusions could be all remarkably reduced. 

in Example 1, since the freguency was too low. i.e. . 0 05 H. 
a macro flow was partly Induced in the molten steel and the f lux-basel 
surface defects were increased to some extent. .Iso. in Example 
a. Since the freguency was too high. i.e. , .5 

weakened and the number of bubbles and inclusions was increased to 



some extent. 



A description will now be made of a modification of this aspect 
Of the present invention in which a OC magnetic field and an .c 
magnetic field for producing a non-moving, vibrating magnetic field 
are applied in superimposed fashion in the direction of transverse 
Width of a casting mold. 
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in Pigs. 9A and 9B, coils ,DC supplied coils, 18, to which a 
DC c.„e« is supplied to produce OC magnetic fields (equivalent 
to static magnetic fields, . and coils ,AC supplied coils, 19 to 
Which an .c current is supplied to produce f i.ed .c magnetic fields 
. are wound over a c„™„on iron core 0 as shown. Two iron cores a ari 
disposed to extend respectively along outer surfaces of long sides 

Of a casting .Old 6 such that directions of the magnetic fields ,i e 
directions 20 of the OC magnetic fields and directions 21 of the 
AC magnetic fields, are aligned with the direction of transverse 

lower Sides in the illustrated apparatus, pairs of magnetic poles 
22 are positioned to face each other a.ove and below an ejection 
port Of an i^ersion nozzle 1. ^ single- or three-phase AC current 
" supplied to each of the AC supplied coils 19 which are arranged 
to lie side by side in the direction of longitudinal width of the 
casting mold 6 . 

in the magnetic field produced by the single-phase AC current 
the Phase of a wavefor. representing an intensity distribution in 
the direction of longitudinal width of the .old (positions of hills 
^nd valleys of the distribution, is not changed over ti.e (that is 
to say. a wave does not .ove in the direction of longitudinal width 
Of the .Old, . on the other hand, the so-called conventionally 
employed .oving magnetic field is produced by arranging AC supplied 
coils in division to three sets and supplying three-phase AC currents 
to the three sets of coils with different phases fro. each other 
in a .agnetic field thus produced, the phase of a wavefor. 

16 



representing .n intensity distribution in the direction of 
longitudinal width of the mold is changed over time . Thus , the fixed 
AC magnetic field . employed in the present invention means an AC 
magnetic field in which a wave does not move in a certain direction, 
unlike the conventionally employed moving magnetic field (moving 
AC magnetic field, . Even with the use of a multi-phase AC current, 
it is also possible to produce an AC magnetic field, in which a wave 
does not move. in a certain direction, by arranging the coils in a 
proper layout. 

AS shown in Fig. 11, „hen a single AC magnetic field providing 
a magnetic flux density as represented by a waveform shown in Fig. 
10, by way of example, is applied by the AC supplied coil 19 in 
direction of transverse width of the mold (the direction 21 of the 
AC magnetic field) , an electromagnetic force (pinching force, 24 
with a magnitude varying periodically acts upon a molten steel 23 
and gives rise to a molten steel flow 25. In this case, however, 
the applied magnetic field is attenuated by an induction current 
magnetic field generated by mold copper plates, etc. Accordingly, 
the magnetic flux density produced within the mold is only on the 
order of about several hundred Gauss , and it is difficult to increase 
the electromagnetic force 24. 

On the other hand, as shown in Fig. 13, when an AC and DC 
superimposed magnetic field providing a magnetic flux density as 
represented by a waveform shown in Fig. 12, by way of example, is 
applied by the AC supplied coil 19 and the DC supplied coil 18 in 
the direction of transverse width of the mold (the direction 21 of 
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the AC magnetic field and the direction 20 of the DC magnetic field, . 
the magnetic flux density produced within the mold can be increaaad 
to a level of several thousands Gauss and the electromagnetic force 
24 can also be increased. 
5 , An AC component of the electromagnetic force (i.e.. an 
^ electromagnetic pumping force, causes disorder in the moltln steel 
] f flow 25, Whereby movement of heat and material is activated and the 
■ J washing effect is. also promoted. Since an AC magnetic field is 
/ gradually attenuated due to the s.in effect as it approaches the 
10 interior of a material, the- electromagnetic pumping force is 

relatively large near a widthwise surface a solidified shell, but 
relatively small near the center of the molten steel in the direction 
Of transverse width of the mold. A DC magnetic field is hardly 
attenuated across the overall transverse width of the mold. Near 
15 the center of the molten steel in the direction of transverse width 
of the mold, therefore, a DC component of the electromagnetic force 
(i.e. , an electromagnetic braking force, acting to brake the molten 
ateel prevails over the periodically varying component that is 
attenuated there. As a result, it is possible to attenuate flows 
0 branched from an ejected flow to move upward and downward, and at 
the same time to activate the molten steel flow near the widthwise 
surface of the solidified shell. I„ addition, because of employing 
the fixed AC magnetic field in which a wave does not move in the 
direction of transverse width of the mold, the molten steel flow 
in a meniscus area near long walls of the casting mold 6 becomes 
a non-directional molten steel flow 26 that moves in random 
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directions, as shown in Fia 9 Thic 

•^^g. a. This prevents generation of a 

circulating ,lo„„. shown i„.i,. ,4, that ™ove. alon, tha periphery 
Of the casting „olci 6. Hence, neither vortex 29 nor stagnation 30 
is produce, due to collision between the circulating flow 2, and 
an e:ected-and-reversed surfacing flow 28 fro™ the inversion nozzle 
1. thus resulting in a remarkable reduction of such disadvantages 
as the entrai„„ent of flux powder with the vortex and the capture 
of inclusions by the solidified shell in the stagnation. 

in order to sufficiently develop the above-.enticned effects 
U^O the AC and DC superimposed magnetic field is preferably applied from 
one or more pairs of magnetic poles 22 disposed in an opposing 
relation above and/or below the ej ectlon port of the immersion nozzle 
1 . as Shown in Pig. 9 . Applying the AC and DC superimposed magnetic 
field above the ejection PoTtof the^ immersion nozzle 1 can hold 
down the occurrence of the vortex and stagnation in the meniscus 
area, and applying it below the ejection port of the immersion nozzle 
1 can promote bra.ing against the downward flow f.om the immersion 
nozzle 2 and enlarge the range within which the Washing effect exerts . 
Furthermore, by arranging the magnetic poles in an opposing 
^0 relation, the magnetic field can be sy^etrically applied from both 
rhe Sides Of the casting mold in the direction of transverse width 
Of the mold, still further, by arranging one or more pairs of the 
magnetic poles, the molten steel flow is disordered near the 
wldthwise surface of the solidified shell more evenly in the 
2S direction of longitudinal width of the mold, and the Washing effect 
can be developed thoroughly in the direction of longitudinal width 
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of the mold with more ease. 

From th. standpoint of apparatus construction, the AC supplied 

coils 19 and the DC supplied coil is are preferable ^ 

^ f^^ererajDiy wound over the 

same iron core 8. as shown in .i,. s. for ease in positioning of 
^ the applied magnetic fields, aligned application of the AC and DC 
superimposed magnetic field to the desired positions, and 
independent adjustment of DC and AC components of the superimposed 
magnetic field. Additionally, the AC supplied coils IS are each 
preferably wound over one of a plurality of magnetic poles 22 which 
are formed by branching a front end portion of the iron core 8 into 
the Shape of comb teeth, whereas the DC supplied coil 18 maybe wound 
over a root (referred to as a -common pole-, in common to the magnetic 
poles 22 formed side by side in the shape of comb teeth at the front 
end portion of the iron core 8. 

Also, in the modification of this aspect of the present 
invention, the AC magnetic field preferably has frequency of 0.01 
- 50 Hz. If the frequency is lower than 0.01 Hz, the intensity of 
a produced electromagnetic force becomes insufficient, and if the 
frequency exceeds 50 Hz, it is difficult for the molten metal flow 
to follow Changes of the electromagnetic force, m any case, it 
is difficult to make the molten metal flow disordered satisfactorily 
near the widthwise surface of the solidified shell. 

A strand of low carbon-and-Al killed steel being 1500 mm wide 
and 220 mm thick was cast by pouring the molten killed steel at a 
casting rate of 1 . 8 m/min and 2 . 5 m/min and an immersion nozzle 

20 



ejection ..... 15' c,o«„„ar. .ro. .he ho...„«aX with a cent™ 
castin, „acM„e the vesical bendin, type. I„ thl. casting .tep 
experiments were co„.„«e. .y e.ployin, the apparatus shown in Pi,' 
9. and applying ^ ^^^^^^ 

3 corresponding to the „old position under various conditions o. 

g applym, the magnetic .ields as listed in .ahle 3 . . 3lah was 

« suhiected to measurement o. a surface de.ect inde. determined hy 

H inspecting surface defects o. a steel plate a.ter .eing rolled, and 

g a machining crac. index determined .y inspecting inclusion-.ased 

HIO machining crac.s caused during pressing o. a steel plate. The 

H -r.ace defect Index and the machining crac. index are each defined 

1^ as an index that takes a value of 1 n 

of 1.0 when electromagnetic flow 

^ control is not carried out. 

in table 3 . in each pole to which a moving *c magnetic field 
- was applied, .c supplied coils were arranged in division to three 
s«s so as to provide a moving-magnetic-field pole pitch of 500 ^ 
and three-phase .c currents were supplied to the three sets of coils 
With different phases from each other , m each pole to which a f i«ed 
.c magnetic field was applied, a single-phase .c current was supplied 
- to each Of .c supplied coils wound over the respective .agnatic poles 
and the phase of a magnetic flux density was set to the same for 
each magnetic pole. .iso. in .ahle 3. the intensity of the AC 
magnetic field is represented by an effective value of the magnetic 
«ux density at an Inner surface position of a mold copper plate 
" »hen the .c magnetic field Is solely applied, and the intensity of 
the oc magnetic field Is represented by a value of the magnetic flux 
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density at the cente. of t.e cast slab In the .i.ection of thi=.„es. 
thereof when the DC magnetic field is solely applied. The pole 
in Which the intensities of both the .c and oc „a,netio fields are 
-t 0 T. represents a pole to whioh the AC and DC superimposed magnetic 
5 fxeld „as applied. As shown in Table 3, the conditions 1 to 5 
represent Comparative Examples departing from the scope of the 
present invention, and the condition 6 represents Example falling 
Within the scope of the present invention. 

Measurement results of the surface defect index and the 
machining crac. index are also listed in Table 3. Kote that the 
measured result is expressed by an average of two values measured 
for two different casting rate conditions. 

in the Comparative Examples of Table 3 . the DC magnetic field 
and the moving magnetic field (moving AC magnetic field, were applied 
solely or in superimposed fashion, when only the DC magnetic field 
was applied, supply of the molten steel heat was Insufficient and 
a Claw-like structure grew In an initially solidified portion. The 
claw-li.e structure catches flux powder and increased the surface 
defect index. When only the moving magnetic field was applied 
growth Of the claw-li.e structure could be held down, but the 
electromagnetic bra.ing force was so small that inclusions intruded 
into a deeper area of a not-yet-solidified molten steel bath within 
the cast Slab, m addition, a vortex and stagnation were caused 
in the meniscus area upon collision between the circulating flow 
elong the periphery of the casting mold and the ejected-and-reversed 
surfacing flow. The intrusion of inclusions into the deeper area 
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ot the not-yet-solidifie. „oUen steel ..th within the =.st sXab 
increase, the ™achi„i„, c.ac. in.e.. The vertex brought ahout 
ent.ain.ent of .iux pow.e.. and the stagnation promoted the oaptute 
Of inoiusions the soli.ifie. sheii . 
5 3ta,nation increase, the surface defect index, s. superimposing 
^ the oc .agnatic field on the .oving .agnatic field, the inclusions 
I could be avoided fro. intruding into the deeper area of the 
M -t-yet-solidified .clten steel bath, but the occurrence of vortex 
^ and stagnation could not be avoided. Under the best condition S 
^10 among the Comparative Kxamples in which the moving magnetic field 
^ and the OC magnetic field were applied to both upper and lower poles 
therefore, the machining crac. index was reduced down to 0 1 but 

- the surface defect index still remained as high as 0.2. 

By contrast, the Example of Table 3 employed the condition 6 
- in Which the fixed .c magnetic field was applied instead of the moving 
magnetic field employed in the condition 5. Under the condition 
6. the electromagnetic pumping fcrce was caused to act upon the 
widthwise surface of the solidified shell to enhance the Washing 
effect, and the electromagnetic bra.ing force was caused to act upon 

- a central portion of the cast slab in the direction of thickness 
thereof to reduce the flow speeds of the molten steel flows (upward 
and downward flows branched from the ejected flow, and to promote 
creation of laminar flows. Furthermore, generation of the 
Circulating flow in the meniscus area could be held down, and the 

B vortex and stagnation were avoided from being produced there As 
a result, both the surface defect index and the machining crac. index 
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could be reduced down to 0 . 05 that ^ v.* • 

that was not obtained with Comparative 



Examples 



in tM= .spec. ..e p.e=e„. .„„e„...„. ..^tin, p.,,,_, 
whiXe applying , 3tatic magnetic field in the direction o, 
longitudinal „idth of a =a=ting„old to prevent the flu. ent.ain.ent 

the .tatic magnetic field i= inter.ittentl, applied turning 
on/Off application of the magnetic field in an. alternate .anner 
as sho»n in Pig. „ther than continuoual, applying a constant 
magnetic field in steady fashion (holding an on-.tate, . Xn .ig. 

7, an on-time is represented- by tl and an aff 

Y ^-L and an off -time is represented 



by t2. 



By so intermittently applying the static magnetic field the 
vector Of an eddy current generated in an acting area of the .agnatic 
^-Id is greatly changed upon the on/off s„itching. and a micro flow 
a molten metal is produced in the acting area , xhe produced micro 
flew contributes to preventing semi-soUdif ication of the molten 
-tal near the surface thereof, and to almost completely eliminate 
the occurrence of surface segregation. 

«ith this aspect Of the present invention, therefore, hoth the 
^iux entrapment and the surface segregation can .e prevented, .ut 
the degree of the resulting effect depends on ho„ the on-time tl 
and the off-time to are set. More specifically, if tO and tl are 
too Short, the applied magnetic field becomes close to a state 
resulting from application of an AC magnetic field. „herehy the flow 
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speed Of the surface .oltan ™atal cannot be reduced satisfactorU. 
end the entrain^ent is caused. If tO 1. too Ion., the flow 

speed Of the nolten „etal is increased and the effect of effecting 
the flu. entrawnt becomes insufficient. Also, if tl is too long 
5 the flow speed of the .olten metal is so reduced that the surface 
segregation is noticeable. 

Experiments were conducted to determine the ranges of tO and 
tl in Which both the flux entrainment and the surface segregation 
could be reduced satisfactorily, .s a result. tO - 0.10 - 30 seconds 
and tl = 0.10 - 30 seconds were obtained. Thus, in this aspect of 
the present invention, the magnetic field is preferably 
intermittently applied under condition of tO - 0.10 - 30 seconds 
and tl . 0.10 - 30 seconds. More preferably, to and tl are set to 
satisfy to - 0.3 - 30-seccnds and tl - 0.3 - 30 seconds. 

Furthermore, the advantages of this aspect of the present 
invention are obtained most remarkably when the static magnetic 
field is applied to the surface of the molten metal . It is therefore 
preferable to apply the static magnetic field to the surface of th 
molten metal. Even when the static magnetic field is applied t 
the interior of the molten metal, however, similar advantages can 
also be Obtained so long as an influence of the static magnetic field 

is transmitted to the surface flow of th, 

= IJ.OW or the molten metal through an 

internal flow of the molten metal. 

According to this aspect of the present invention, as described 
above, casting of a high-guality metal slab can be achieved which 
is free from the surface segregation and suffers from the fl 



le 



:o 



Lux 
25 



entrainment at a less degree. 

-o.. 300 .ons o. u.... =a...„-a„.-.x ...... 

a t.pica. co™p.....<,„ ..^te. in ..... 4. s^e.te. u = 

t.. .»„e«e. - an. a ..a. .e.„. ..oo - .,„o ^ 

an. a.O ™, ...e. „a3 cast pou..„, the ...ten ....e. .tee. .nt. 

a casting . . , . ^ ^^^^^^ 

1 w.th a =„nt.nuou. ca.tin. „ach.ne, as sho.n .n 3 . xn th.s 

Slab cast.n. step, experiments were conducted arranging 

0 e.ectromagnetic coi.s 16 on both sides of the mold ■ 

the mold 6 in an opposing 

.elation at a .eve. corresponding to the position o. a surface .5 
Of the „o.te„ stee.. and app.,ing a static magnetic field in the 
Cirection of transverse width of the moid .direction perpendicu.ar 
to the drawing sheet of Pirr Q^ 

Of Prg. 8) under various conditions with a 

. maximum magnetic f.ux density of 0.3 i. 

in the eKperiments, three characteristics, i.e.. surface 
segregation, f.ux-based surface defects, and a bubb.eZ-inclusion 
amount, were measured for each condition of applying the static 
-.netic fieid in accordance with the fol.owing procedures 
surface Segregation: .fter grinding the cast s.ab. the s.ab was 

subjected to etching and the number of segregates per 1 m^ 

yj-cyctues per 1 m was counted 

by visual observation. 

^lux-based surface Oef ects : Surface defects in a coil obtained 
after cold rolling of the cast slab were visually observed, and after 
P-^lng a defective sample, the number of defects caused by 
entrainment of moid f.ux was counted by analysing the defects 
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inclusion Amount: Inclusion, were extracted by the slime 
extracting process fro. a portion of the csst slah at a position 
corresponding to a 1/4 thickness thereof, and the weight of the 
extracted inclusions was measured. 

The experimental results are listed in Tahle 5 along with the 
conditions of applying the static magnetic field. Note that 
evaluation values of the above three items are each represented in 
terms of an index (numeral value obtained by multiplying a ratio 
Of the measured data to the worst data among all the conditions by 
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AS seen from Table 5, in the Examples according to this aspect 
Of the present invention in which the static magnetic field was 
intermittently applied, the surface segregation was not observed 
and both the flux-based surface defects and the inclusion amount 
were reduced, .mong these Examples, in Examples 1 and 4 -7 in which 
the on-time tl was set to be in the range of 0.10 to 30 seconds 
both the flux-based surface defects and the inclusion amount were 
further reduced. Purthernore. in the Comparative Examples of Table 
5 xn Which the static magnetic field was applied at the constant 
strength, there occurred a contradiction that when the intensity 
Of the static magnetic field is increased, both the flux-based 
surface defects and the inclusion amount were reduced, but the 
surface segregation was increased. By contrast, in the Examples 
Of Table 5. such a contradiction did not occur, and the surface 
segregation, the flux-based surface defects and the inclusion amount 
were all reduced. 



27 



Another ftsnf-rt of Tn..»nr^-n 

An AC magnetic field may be moved in a longitudinally 
synunetrical relation from both ends toward the center of a casting 
mold in the direction of longitudinal width thereof. 

With this other aspect of the present invention, similarly to 
the above-described aspect, an AC and DC superimposed magnetic field 
is applied to a molten metal at two positions (in two steps) spaced 
in the casting direction (direction of height of a casting mold) 
so as to spread in the direction of thickness of a cast slab (direction 
Of Short side (transverse width) of the mold) . However, this other 
aspect Of the present invention differs from the above-described 
aspect in producing a moving AC magnetic field and from the 
conventional method in direction of movement of an AC magnetic field. 
More specifically, in the conventional method, the AC magnetic 
field is moved from one end toward the other end of the mold in the 
direction of width of the cast slab (direction of long side 
(longitudinal width) of the mold) . By contrast, with this aspect 
of the present invention, the AC magnetic field is moved in a 
longitudinally symmetrical relation from both ends toward the center 
Of the mold in the direction of longitudinal width thereof, m the 
case of moving the AC magnetic field similarly to the conventional 
method, a horizontal circulating flow along the periphery of the 
casting mold is generated , as shown in Fig . 1 4 , even when a DC magnetic 
field is superimposed on the AC magnetic field. Therefore, the 
occurrence of a vortex and stagnation due to collision between the 
circulating flow and an ejected-and-reversed surfacing flow cannot 
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be prevented, which .aJces it difficult to prevent entrainn,ent of 
flux powder at the surface of the molten metal and capture of bubbles 
and inclusions by a widthwise surface of a solidified shell. 
With this aspect of the present invention, since the AC 
5 magnetic field is moved in a longitudinally symmetrical relation 
^ about the center of the mold in the direction of longitudinal width 
^ thereof, the above-mentioned circulating flow is not produced and 
^ there is nothing against which the ej ected-and-reversed surfacing 
g flow collides. Accordingly, neither vortex nor stagnation is 
^0 produced. Flows moving from both longitudinal ends Of the mold under 
^ urging by the AC magnetic field (longitudinally-symmetrical moving 
M AC magnetic field, join with each other at the longitudinal center 
I Of the mold, but the joined flow is maintained in a laminar state 
O and streams such that a flow near the surface (meniscus, of the molten 
15 metal descends and a flow below an ejection port of an immersion 
nozzle ascends . Such a behavior was confirmed based on experiments 
and calculations (see Figs. 15 and 16,. 

Furthermore, on the surface side of the molten metal in the 
direction of thickness of cast slab (near the widthwise surface of 
20 the solidified shell, , the AC magnetic field develops due to the 
skin effect an agitating force prevailing over a braking force 
developed by the DC magnetic field, thereby activating the flow in 
such an area and preventing the capture of bubbles and inclusions 
into the cast slab. On the other hand, on the central side of the 
25 molten metal in the direction of thickness of cast slab, the 

agitating force developed by the AC magnetic field is attenuated 
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and the braking force developed by the DC magnetic field acts 
primarily. Accordingly, flows (upward and downward flows branched 
from the ejected flow) in a central area are damped, whereby disorder 
Of the flow speed of the surface molten metal is held down and 
■ entrainment of flux powder is avoided. At the same time, the fl 
speed of the downward flow is reduced and large-si.ed inclusion 
are prevented from intruding into a deeper area. 

in this aspect of the present invention, the AC magnetic field 
preferably has frequency of 0.1 - 10 Hz. If the frequency is lower 
than 0.1 HZ, it is difficult to produce a molten metal flow enough 
to develop the Washing effect along the widthwise surface of the 
solidified Shell. Conversely, if the frequency exceeds 10 Hz, the 
applied AC magnetic field is attenuated by mold copper plates, and 
hence it is also difficult to produce a molten metal flow enough 
to develop the Washing effect along the widthwise surface of the 
solidified shell. 

Figs. 17A and 17B show one example of an apparatus suitable 
for implementing the above-described method according to this aspect 
Of the present invention; Fig. 17A is a schematic sectional plan 
view and Fig. 17B is a schematic sectional side view, in the 
apparatus, a pair of electromagnets 7 for both AC and DC currents 
are arranged in an opposing relation on both sides of a casting mold 
S in the direction of transverse width thereof with an immersi 
nozzle 1 placed within the mold 6. 

An iron core (yoke) 8 of each AC/DC electromagnet 32 h 
magnetic poles spaced in the vertical directions. Upper and lower 
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.a^netic po.es ,an upper pole anC . ao„e. pole, a.e positioned 
respectively a.ove ... .elo. an e, ectlon po« o. t.e l^et.ion noz.le 

32 are aligned with ea=h other 1„ the direction of thickness of the 
> cast =la.,. oc oolls la are wound such that the opposing .agnatic 
on hoth the sides of the .old e have polarities complementary 
to each other (I.e.. If the magnetic pole on one side Is N, the 
magnetic pole on the other side Is S) . 

A front end portion of each magnetic pole Is divided Into plural 
pairs (three In the Illustrated apparatus, of .ranches. ^ .c coU 
U is wound over each branch, and the OC coll 18 Is wound over a 
root 1„ common to all the branches . m the Illustrated apparatus, 
a three-phase .c current Is supplied to the .0 colls 1.. Assuming 
different phases of the three-phase .c current to be U , V and W phases 
respectively, the W phase Is supplied to two first .c colls la ' 
counting to the left and right from the center of mold In the direction 
Of longitudinal width thereof, the V phase Is supplied to two second 
*C colls 19. and the u phase Is supplied to two third Ac colls 19 
By supplying different phases of a multi-phase AC current In a 
longitudinally symmetrical relation about the center of the mold 
.h the direction of longitudinal width thereof . the .c magnetic field 
produced by the multi-phase .c current can be moved In directions 
indicated by arrows 21. I.e. . directions from the both ends toward 
the center of the mold In the direction of longitudinal width thereof 
rn a longitudinally symmetrical relation. 

Also, by winding the AC colls and the OC coll over the branches 
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and the root of the sa.e magnetic pole, it is possible to accurately 
=et position, to which the AC and DC superimposed magnetic field 
is applied, and easily adjust the intensity of frequency „f each 
of the Ac and DC magnetic fields independently. 
> From the standpoint of making the molten metal flow more 

uniform near a widthwise surface of a solidified shell 17 in the 
direction of width of the cast slab, the number of branches formed 
in the front end portion of each magnetic pole is preferably set 
depending on the width of the cast slab. 

Further, from the standpoint of evenly activating the molten 
metal flow near the widthwise surface of the solidified shell 17 
over the entire width of the cast slab, the AC/DC electromagnets 
are preferably disposed so as to cover the entire width of the cast 
slab as illustrated. 
EXAMPT.K (T»h1. 

A strand of low carbon-and-Al killed steel being 1500 mm wide 
and 220 mm thick was cast by pouring the molten killed steel at a 
casting rate of 1 . 8 m/min and 2 . 5 m/mi„ and an immersion nozzle 
ejection angle of 15- downward from the horizontal with a continuous 
casting machine of the vertical bending type . m this casting step, 
experiments were conducted by employing the same apparatus as shown 
in Pig. 17, and applying magnetic fields to a portion of the strand 
corresponding to the mold position under various conditions of 
applying the magnetic fields as listed in Table 6. A cast slab was 
subjected to measurement of a surface defect index determined by 
inspecting surface defects of a steel plate after being rolled, and 
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a machlninc, crac. index deta^ined by inspecting inclusion-based 
machining cracks caused during pressing of a steel plate. The 
surface defect index and the machining crack index are each defined 
as an index that takes a value of 1 . 0 „hen electromagnetic flow 
> control is not carried out. 

In Table 6, in each magnetic pole represented by the moving 
type A, different phases of the three-phase AC supplied to the AC 
coils in Fig. 17 were arranged in the order of the U, v, w, u, v 
and W Phase successively from the left end in the direction of 
longitudinal width of the mold instead of the arrangement shown Fig. 
17 so as to produce the horizontal circulating flow in the molten 
steel as, with the conventional method . A thus-produced AC magnetic 
field (referred to as a type-A AC magnetic field; corresponding to 
the conventional moving magnetic field, was moved from one end to 
the other end of the mold in the direction of longitudinal width 
thereof. On the other hand, in each magnetic pole represented by 
the moving type B, different phases of the three-phase AC supplied 
to the AC coils were arranged in a longitudinally symmetrical 
relation in the direction of longitudinal width of the mold as shown 
Fig. 17 so as to produce the flows in the molten steel moving from 
both the ends to the center of the mold in the direction of 
longitudinal width thereof in accordance with this aspect of the 
present invention. A thus-produced AC magnetic field (referred to 
as a type-B AC magnetic field) was moved in a longitudinally 
symmetrical relation from both the ends to the center of the mold 
in the direction of longitudinal width thereof. 
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Also, in Table 6, the intensity of the AC magnetic field is 
represented by an effective value of the magnetic flux density at 
an inner surface position of a mold copper plate when the AC magnetic 
field is solely applied, and the intensity of the DC magnetic field 
. is represented by a value of the magnetic flux density at the center 
Of the cast Slab in the direction of thickness thereof when the DC 
magnetic field is solely applied. The magnetic pole, in which the 
intensities of both the AC and DC magnetic fields are not 0 T, 
represents a pole to which the AC and DC superimposed magnetic field 
was applied. As shown in Table 6, the conditions 1 to 5 represent 
comparative Examples departing from the scope of the present 
invention, and the condition 6 represents Example falling within 
the scope of the present invention. 

Measurement results of the surface defect index and the 
machining crack index are also listed in Table 6. Note that the 
measured result is expressed by an average of two values measured 
for two different casting rate conditions. 

in Comparative Examples, the type-A AC magnetic field and the 
DC magnetic field were applied solely or in superimposed fashion. 
When only the DC magnetic field was applied, supply of the molten 
steel heat was insufficient and a claw-like structure grew in an 
initially solidified portion . The claw-like structure catches flux 
powder and increased the surface defect index . When only the type-A 
AC magnetic field was applied, growth of the claw-like structure 
could be held down, but the electromagnetic braking force was so 
small that inclusions intruded into a deeper area of a not-yet- 
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solidified Molten steal bath within the cast slab. l„ addition 
a vorteK and stagnation „e.e oaused in the .eniscus area upon 
collision between the circulating flow along the periphery of the 
casting „old and the ejected-and-reversed surfacing flow. The 
5 intrusion of inclusions into the deeper area of the not-yet- 
_ solidified n,olten steel bath within the cast slab increased the 

5 machining oraok index. The vortex brought about entrain^ent of flux 
^: powder, and the stagnation promoted the capture of inclusions by 
P the solidified Shell. Any of the vortex and the stagnation increased 

the surface defect index. By superimposing the OC magnetic field 
^ on the type-A AC magnetic field, the inclusions could be avoided 

H from intruding into the deeper area of the not-yet-solidified molten 
g steel bath, but the occurrence of vortex and stagnation could not 

D be avoided . Cnder the best condition 5 among Comparative Examples 

15 in Which the type-A AC magnetic field and the oc magnetic field were 
applied to both upper and lower poles , therefore , the machining crac. 
index was reduced down to 0.1, but the surface defect index still 
remained as high as 0.2. 

By contrast, the Example of Table 6 employed the condition 6 
^0 in Which the type-B AC magnetic field was applied (frequency was 
Changed from 2 Hz to 5 Hz for optimization, instead of the type-A 
AC magnetic field employed in the condition 5 . Under the condition 
6, the washing effect along the widthwise surface of the solidified 
Shell was enhanced, and the electromagnetic bra.ing force was caused 
« to act upon a central portion of the cast slab in the direction of 
thickness thereof to reduce the flow speeds of the molten steel flows 
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(upward and downward flow, branched from the ejected flow, and to 
promote creation of laminar flows. Further, generation of the 
Circulating flow in the meniscus area could be held down, and the 
vortex and stagnation were avoided fron being produced there As 
^ a result . both the surface defect Inde, and the .aohining crack index 

could be reduced down to 0.05 that was not obtained with the 

Comparative Examples. 

With the above-described aspects of the present invention, in 

the continuous casting process of steel, the upward and downward 

flows branched fro. the ejected flow can be damped, and at the same 

time the molten steel flow along the widthwlse surface of the 

solidified Shell can be activated. In addition, a vortex and 

stagnation can be prevented from being caused upon collision between 

the Circulating flow created by electromagnetic agitation and the 

ejected-and-reversed surfacing flow in the meniscus area. 

Therefore, a cast slab having even higher quality can be produced. 

Thus, the present Invention can provide the following superior 

advantages . A metal slab can be cast which is much less susceptible 

to bubbles and non-metal Inclusions captured in the cast slab. 

surface segregation, as well as surface defects and internal 

inclusions attributable to mold flux. Hence ah1r,h 

nence, a high-quality metal 

product can be produced. 

While the present invention has been described above in 
connection with several preferred embodiments, it is to be expressly 
understood that those embodiments are solely for illustrating the 
invention, and are not to be construed in a limiting sense. After 
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reading tM. .i.clo.u.e. ...3. s.uie. a« „il, ..^dil, 

-Vision insubstantial ™oCif Ications and substitutions of 
equivalent .ate.ials an. tecbni^as. an. all sue. .o.lfieatlons an. 
substitutions a.a consl.e.e. to fall „lt.ln tha true soope of t.e 



appended claims 
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